The effect of posture on the EMG pattern of the normal auditory startle reflex was investigated. The startle response to an unexpected auditory tone was studied in eleven normal subjects when standing, and in six normal subjects when sitting relaxed or tonically plantar flexing both feet. Reflex EMG activity was recorded in the tibialis anterior and soleus about twice as frequently when standing, than when sitting relaxed. In addition, the median latencies to onset of reflex EMG activity in the tibialis anterior and soleus were about 40 and 60 ms shorter during standing, than when sitting relaxed. No short latency EMG activity was recorded in the calf muscles during tonic plantar flexion of the feet, while sitting. The effect of posture on the EMG pattern of the pathological auditory startle reflex was studied in five patients with hyperekplexia. In three patients the latency to onset of reflex EMG activity in the tibialis anterior was shorter when standing, than when sitting relaxed. The EMG pattern of the reflex response to sound was studied in detail in two of these patients and consisted of up to three successive components. The expression of each EMG component depended on the postural set of the limbs. In particular, a distinct short latency component was found in posturally important muscles following auditory stimulation. This short latency component was not recorded when sitting relaxed. It is concluded that the EMG pattern of the physiological and pathological auditory startle response is not fixed, but may change with the postural stance of the body. This finding supports the theory that the normal startle reflex and the abnormal startle reflex in hyperekplexia have a common brainstem origin.
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We have recently defined the electromyographic pattern of the normal auditory startle response in humans.' The order of recruitment of muscles suggests that the activity responsible for the startle response originates in the caudal brainstem, and is conducted up the brainstem and down the spinal cord by relatively slowly conducting efferent pathways. We have also investigated the electromyographic pattern of the abnormal startle response in certain patients with familial and acquired startle disorders.2 In these patients we have shown that the pattern of muscle recruitment in the abnormal startle response is very similar to that in the physiological auditory startle response, and may therefore represent activity in the same brainstem efferent system. We have used the term hyperekplexia to describe those patients with a startle syndrome due, pathophysiologically, to an exaggerated normal startle reflex. 2 The exact functional importance of the startle reflex to humans remains unclear. Landis and Hunt3 stressed the relative immutability of the startle response, despite changes in posture and activity, and as a result the auditory startle reflex has been considered little more than a basic and stereotyped alerting response. 4 There is, however, some evidence to suggest that the auditory startle reflex in humans may be more than a simple stereotyped flexion reflex. EMG activity may be recorded in extensor muscles during the startle reflex,' and Rossignol' found that the activity recorded in extensor muscles increased during or after tonic extension of the relevant joint.
We show that the electromyographic pattern of the normal and abnormal auditory startle reflex may vary with posture. We suggest therefore that the physiological importance of the auditory startle reflex in humans lies in the rapid accomplishement of a defensive stance with maximum postural stability.
Subjects
The response to auditory stimulation was investigated in a total of eleven healthy subjects (mean age 30 years, range 18 to 47 years old), and five patients with hyperekplexia and a pathologically exaggerated startle reflex. The diagnoses in the five patients were hereditary hyperkplexia in cases 1 and 3, postanoxic encephalopathy in case 2, probable multiple sclerosis in case 4 , and encephalomyelitis with rigidity, the "Jerking stiff person syndrome" reported by Leight et al6 in case 5. Their clinical details and basic neurophysiological findings have been described previously (reference 2, cases 1, 8, 3, 5 and 7 respectively).
Both the normal subjects and the patients gave their informed consent to the electrophysiological studies.
The effect ofposture on the normal andpathological auditorystartle reflex made using bipolar silver/silver chloride electrodes placed 2 cm apart longitudinally over the muscle bellies. Magnetic stimulation of the cortex was performed with a 9 cm diameter circular stimulator coil using a Novametrix Magstim 200. Auditory startle responses were recorded by triggering the computer at the time of delivery of an auditory tone burst of 1000 Hz frequency, 50 ms duration and 124 dB presented binaurally through earphones. The sampling rate was 2000 Hz per channel. The latency to onset of reflex EMG activity was measured by visual inspection of the computer display of unrectified records of single trials. The latency of the initial voltage sustained above the background level of EMG activity was taken to be the start of reflex EMG activity.
In experiments on healthy subjects the reflex EMG activity in the sternocleidomastoid, tibialis anterior and soleus was recorded to an unexpected auditory tone repeated randomly about every 15 minutes. Eleven subjects were tested while standing with their feet close together. Reflex EMG activity was recorded in the calf muscles of eight of the subjects on standing, and of these, two subjects were tested while sitting relaxed, two while sitting tonically plantar flexing both feet, and four subjects were tested under all three conditions. Subjects kept their eyes closed during each condition. Four to six trials were recorded under each condition, usually over more than one session. The order of conditions was varied between subjects.
In the experiments on patients with hyperekplexia the auditory tone was repeated randomly about every three minutes.
Medians and ranges were recorded. The auditory startle response was recorded in eleven subjects, while standing, and in six of these subjects, while sitting relaxed. Reflex EMG activity was recorded in the calf muscles, in at least one trial, in eight subjects, while standing, and three subjects, while sitting relaxed. Figure 1 shows the median latencies to onset of reflex EMG activity in sternocleidomastoid, tibialis anterior and soleus, and the percentage of the total number of trials in which reflex EMG activity was recorded in each muscle, following auditory stimulation while standing and sitting. The percentage oftrials in which reflex EMG activity was recorded in sternocleidomastoid, and the latency to onset of reflex EMG activity in this muscle did not differ between standing and sitting. In contrast, reflex EMG activity was recorded in the tibialis anterior and soleus about twice as frequently when standing, than when sitting relaxed. In addition, the median latencies to onset of reflex EMG activity in tibialis anterior and soleus were about 40 and 60 ms shorter during standing, than when sitting relaxed. The difference in latency to onset of EMG activity in tibialis anterior and soleus between standing and sitting was significant (p = 0-0051 and 0-0002 respectively).
Standing involved both a change in postural set and an increase in the level of background EMG activity in the lower limbs. (There was no change in the level of background EMG activity recorded in sternocleidomastoid between sitting and standing, and it is likely that the muscles of the neck were posturally important during both sitting, with the head unsupported, and standing). An attempt was made to control for the increase in background EMG activity in the lower limbs by asking six of the subjects to tonically plantar flex both ankles while sitting, by pushing their toes into the floor. Under this condition there was, again, no significant change in the percentage of trials in which reflex EMG activity was recorded in sternocleidomastoid (58%), or in the median latency to onset of reflex EMG activity in this muscle (55 ms, range 44 to 76-6 ms). However, reflex EMG activity was recorded in the calf muscles in only three out of 23 trials under this condition, and this was of long latency (range 173 to 191 ms). Figure 2 illustrates the effect of unexpected auditory stimulation in a normal subject while standing, sitting relaxed and sitting tonically plantar flexing both ankles.
THE EFFECT OF STANDING ON THE PATHOLOGICAL AUDITORY STARTLE RESPONSE
The effect of standing on the abnormal startle response was investigated in five patients with hyperekplexia. Figure 3 
The reflex response to auditory stimulation was also investigated as cases 4 and 5 sat pushing their feet into the ground. In this situation (bottom records in figs 4 and 5) the level of background EMG activity recorded in the trunk and lower limb, muscles equalled or exceeded that recorded in these muscles on standing. Despite this, the effect of tonic activity when sitting was intermediate between the effect of sitting relaxed and that of standing. Thus the A component was visible, but small, and the B and C components were almost the same as when sitting relaxed.
In a further set of experiments the upper limbs were made posturally important to see whether this would bring out an early latency A component in the arm muscles. Case 4 was asked to crouch on his hands and knees, with his centre of balance slightly forwards. Case 5 was asked to stand on a soft pillow, with her eyes shut, while steadying herself by holding on to a fixed support with the right hand. In both patients, an A component appeared in the reflex response to auditory stimulation in the biceps, triceps, and the forearm flexors and extensors (The intrinsic hand muscles were not recorded from during this experiment). The B component remained in the arm muscles whether the upper limb was used posturally or not. The C component was diminished in size or absent. The bottom biceps record in fig 4 shows The mechanism by which the EMG pattern of the pathological and physiological auditory startle response changes with posture is unclear. However, it may be relevant that among normal subjects and in patients with a pathologically exaggerated startle reflex there were three different latencies of response under different conditions. The longest latency to onset of reflex EMG activity in the tibialis anterior, about 120 ms, was recorded in normal subjects when sitting relaxed. When normal subjects were standing the latency to onset of reflex EMG activity in the tibialis anterior was shorter, about 85 ms, and similar to that recorded in hyperekplexic patients when sitting relaxed. The shortest latency to onset of reflex EMG activity, about 60 ms, was recorded in the tibialis anterior when some hyperekplexic patients stood (cases 3, 4 and 5).
The possibility that the startle response in the limbs may, under different circumstances, have three preferred latencies was strengthened by the finding of three discrete EMG components of similar latency (about 60, 80 and 120 ms for the A, B and C EMG components in the tibialis anterior) in cases 4 and 5. In these two patients the similarities between these three EMG components suggested that a common efferent system was responsible for each component of the reflex response to auditory stimulation. In particular, each component of the pathological auditory startle response utilised a moderately slowly conducting spinal efferent pathway, and was therefore consistent with activity in the efferent limb of the spino-bulbo-spinal reflex arc. Assuming, on this evidence, that a single efferent system is responsible for EMG components of differing latency, one possible explanation for differences in bsolute latency in the normal and exaggerated startle reflexes is that the startle response is the result of up to three basic waves of activity in bulbo-spinal efferent pathways. Postural and other influences may then operate independently on each wave of efferent activity. In the resting normal subject only the long latency component of the startle response is recorded in the lower limbs. When the normal subject stands, postural influences allow expression of the middle latency component. In many patients with hyperekplexia, disinhibition or facilitation of the startle response allows expression of the middle latency component when sitting relaxed. The earliest component of startle activity is most readily recorded in the lower limbs when postural influences combine with pathological disinhibition or facilitation in the standing hyperekplexic patient. The net effect is a shortening of the absolute latency of the reflex response to sound on standing in both normal subjects and patients with hyperekplexia.
The structures which mediate postural influences on activity in the bulbo-spinal efferent pathways in the startle response are unknown. Nor can these be the only influences on the activity in these pathways, as some normal subjects and some patients with exaggerated startle reflexes fail to adapt to changes in posture.
In conclusion, both the physiological and pathological auditory startle reflex have a complex EMG pattern dependent on the postural set of the limbs. This supports previous arguments8 suggesting a common origin for the normal and abnormal startle responses. More importantly, however, these results indicate that the auditory startle response is not immutable. Its physiological importance may then lie in rapidly accomplishing a defensive stance with maximum postural stability.
